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4. 以铈基复合型氧化物为载体制备得到的负载型 Ag 催化剂在很大程度上促进
了表面 O2
-和 O-的形成，因而具有比 Ag/CeO2 催化剂更好的催化活性，能将
碳烟颗粒燃烧 大失重温度（T50）和终止燃烧温度（T90）降低到 400°C 和
450°C 左右。 
综上所述，本文通过控制载体的形貌，采用柠檬酸溶胶凝胶法，制备得到的























Particulate matter (PM), especially a large portion of PM2.5 (the particle size is 
smaller than 2.5um) is the main pollutants from diesel engine. For it can easily 
suspend in the air and inhaled by people and be apt to cause lung cancer, asthma and 
other diseases which are harmful to human health. As a consequence, the regulations 
on emissions become more stringent. Nowadays, there are two strategies to reduce the 
gas exhaust in the diesel engine design. One is engine modification, and the other is to 
deal with the tail gas. In fact, the problem can not be satisfactorily solved by a sole 
mode of engine modification. When the dynamic and economic efficiency is 
concerned, to develop the post-processing technique is imperative. 
This study can be divided into two parts. The first part is to prepare ultrafine 
ceria and ceria-based composite oxide. A uniform dispersion of ultrafine cerium oxide 
and cerium-based composite oxide are obtained by optimizing the hydrothermal 
precipitation conditions, such as the type of precipitating agent, the hydrothermal 
temperature, surfactant and others. The second part is to explore the preparation 
method and the combustion performance of the silver supported catalysts. Due to the 
spherical or spherical-like nanoparticles having a large surface area and isotropic 
property and showing a high reaction activity in catalytic reaction, so silver supported 
catalysts were prepared by impregnation and citric acid sol-gel route based on the 
spherical-like ceria and ceria-based composite oxide as the carrier which prepared in 
the first chapter. Combining the characterization of XRD, O2-TPD, CO-TPR and XPS, 
we investigated crystallographic phase and redox features of Ag/CeO2 and 
Ag/Ce0.9M0.1O2 to build up the relation between these characteristics and catalytic 
activity. Meanwhile, the mechanism of the catalytic process and surface active species 
on the catalyst is discussed. 
 The main results of this work are summarized as follows: 















composite oxide by hydrothermal method is the molar ratio of carbonate and 
ceria-based nitrate solution between 3~6, the hydrothermal temperature at 
100~160°C and the hydrothermal time of 12h. 
2.  The silver supported catalysts prepared by citric acid sol-gel method has a better 
soot oxidation activity than the silver supported catalyst prepared by 
impregnation method when using the spherical-like cerium oxide as the carrier. 
The initiation temperature (T10) and maximum weight loss temperature (T50) of 
the former is lower 50°C and 110°C than the latter. 
3.  The main reason for the good catalytic activity of silver supported catalyst in 
loose contact is the more O2
- which has good mobility and the more O- that plays 
a very important role in the soot combustion process.  
4.  More O2
- and O- were produced when the ceria-based composite oxide as the 
carrier. As a result, these catalysts have better catalytic activity than Ag/CeO2 
catalysts. The maximum weight loss temperature (T50) and the final combustion 
temperature (T90) could be lowered to 400°C~ 450°C.  
 To sum up, due to the more surface O2
- having a good surface mobility and O- 
having a good catalytic activity is produced on Ag/CeO2 based catalysts prepared by 
citric acid sol-gel method, the mass transferring, which is the main obstacle of soot 
combustion in loose contact mode, is overcome efficiently. 
































主要污染物及含量的比较。从表中可见，与汽油机相比，柴油机的 CO 和 HC 的
排放量不到汽油机的 1/10；NOx 的总体排放偏低于汽油机；而颗粒物排放却是汽
油机的 30-70 倍。 
表 1.1 相同排放量的柴油机与汽油机有害排放物的比较 
Table 1.1 Comparison of harmful emissions from diesel engine and gasoline engine  
at the same emissions 
发动机类型 HC(ppm) CO(ppm) NOx(ppm) PM(g/cm
3) 
柴油机 ＜300 ＜1000 1000-4000 0.5 





























给人类生活带来诸多不良影响[5-6]。我国于 2013 年 1-2 月期间部分地区连续多天
出现雾霾天气的主要原因就是 PM2.5（粒径小于 2.5m 的颗粒）超出了污染等级。 
 
图 1.1 碳烟颗粒的组成示意图[1] 



















了国Ⅰ、国Ⅱ、国Ⅲ排放法规，并于 2010 年 1 月 1 日对车用压燃式发动机的汽
车（重型汽车）开始实施国Ⅳ（相当于欧Ⅳ）排放标准，从 2010 年 7 月 1 日起
对轻型汽车开始实施国Ⅳ排放标准，国Ⅳ排放标准对微粒物排放可降低 80%。我
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